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ADF&G TECHNICAL DATA REPORTS 

This se r ies  o f  repo r t s  i s  designed t o  f a c i l i t a t e  prompt 
r e p o r t i n g  of data from s tud ies  conducted by the  Alaska 
Department of F ish and Game, e s p e c i a l l y  s tud ies  which 
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ABSTRACT 

Analysis of sca le  pat terns and age composition of chinook salmon (Oncorhynchus 
t schawyt scha  Wal baum) from Yukon River catches and escapements was used t o  
apportion the  lower Yukon River D i s t r i c t  1 ,  2,  and 3 commercial harvests  t o  
geographic region (run) of o r ig in .  A simi 1 a r  apportionment of subsistence 
harvests  was made. Other Yukon Riv.er chinook salmon harvests were apportioned 
primari ly be geographical a rea  of occurrence. Run  contr ibut ion t o  to t a l  Yukon 
River u t i l i z a t i o n  was estimated a t  101,542 (49.5%) upper Yukon, 63,348 (30.9%) 
lower Yukon, and 40,028 (19.5%) middle Yukon f i s h .  The f r ac t ion  of the Dis- 
t r i c t s  1 and 2 commercial catch apportioned t o  the  lower Yukon general ly 
increased during the  period of the analys is  while the  f r ac t ion  apportioned t o  
the upper Yukon general l y  decl i ned. 

KEY WORDS: chinook salmon, Oncorhynchus tschawytscha,  stock separa t ion ,  catch 
and r u n  apportionment, 1 i near discriminant  analysi s .  



INTRODUCTION 

Yukon River chinook salmon, ( O n c o r h y n c h u s  t s c h a w y t s c h a  Walbaum) are harvested 
in a wide range of fisheries in both marine and fresh waters. During their  
ocean residence, they are harvested in salmon gi l lnet  fisheries in the North 
Pacific Ocean and Bering Sea and in trawl fisheries in the Bering Sea. Upon 
returning to the Yukon River as adults, they are harvested in a variety of 
commercial and subsistence fisheries in b o t h  Alaska and Canada (Figures 1 and 
2 ) .  

A major controversy currently facing managers of Yukon River chinook salmon 
i s  allocation of the harvest among the various user groups. Two such alloca- 
tion issues which have recently received considerable public attention are: 
(1 ) high seas interceptions of North American chi nook salmon (including fish 
destined for the Yukon River) in the g i l lne t  and trawl fisheries in the North 
Pacific Ocean and Bering Sea; and ( 2 )  negotiations between the United States 
and Canada over inriver harvest of chinook salmon destined for Canadian por- 
tions of the Yukon River drainage. 

Identification of stock groupings and estimation of their  contribution rates 
i s  becoming an increasingly important facet of Yukon River chinook salmon 
management. Contribution estimates of Western AlaskaICanadian Yukon Territory 
chinook salmon, recently estimated for the Japanese high seas g i l lne t  fisher- 
ies (Rogers e t  a l .  1984, Meyers e t  a l .  1984, Meyers and Rogers 1985), have 
become major elements in the regulation of these ocean fisheries.  Concurrent 
with offshore studies, stock composition of inriver fisheries has been studied 
t o  provide useful informati on for resource administrators maki ng i nriver a1 1 o- 
cation decisions and managers seeking to improve management precision through 
a better understanding of stock-specific production units and their  spat ia l /  
temporal migratory patterns. Stock composition estimates through time for 
Yukon River chinook salmon became available in 1980 and 1981 when the feasi-  
b i l i t y  of apportioning catches using scale pattern analysis for District  1 
catches was in i t i a l  ly investigated (McBride and Marshal 1 1983). Since then, 
the ent i re  drainage harvest has been apportioned annually t o  geographic region 
of origin (Nil cock and McBride 1983, Wilcock 1984, Wilcock 1985). 

The Yukon River combined commercial and subsistence chinook salmon fishery i s  
one of the largest in Alaska, averaging 17% of statewide chinook salmon har- 
vest annually (1980-1984). I n  the f i r s t  20 years a f te r  statehood (1960-1979), 
combined A 1  askan and Canadian Yukon River chi nook salmon harvest averaged 
122,971 f ish annually. However, catches in recent years have increased sub- 
s tant ia l  ly (1980-1 984 average 197,662 f i sh ) .  While chinook salmon are har- 
vested vir tual ly  throughout the entire length of the Yukon River, the majority 
of the catch i s  taken in commercial g i l lne t  fisheries in Districts 1 and 2 
( 1  980- 1984 average 66% of total  drainage harvest). Subsistence harvests, 
i ncl udi ng Canadian catches, account for another 24% (1 980-1 984 average) of 
the total harvest. Most of the subsistence harvest is  taken with fishwheels 
and g i l l  nets in Districts 4, 5, and 6. In 1985, commercial and subsistence 
fishermen in Alaska and Canada harvested a total of 204,960 chinook salmon, 
of which 138,376 f ish (68%) were taken by District  1 and 2 commercial fisher- 
men. 







Chinook salmon harvested in the Yukon River fisheries consist of a mixture of 
stocks destined for  spawning areas throughout the Yukon River drainage. 
A 1  though more than 100 spawning streams have been documented (Barton 1984), 
aerial  surveys of chinook salmon escapements indicate that  the largest concen- 
trations of spawners occur in three d is t inc t  geographic regions: ( 1 )  tribu- 
tary streams that  drain the Andreafsky Hills and Kaltag Mountains between 
river miles 100 and 500; ( 2 )  Tanana River t r ibutar ies  between r iver  miles 800 
and 1,100; and (3)  tr ibutary streams that  drain the Pelly and Big Salmon 
Mountains between river miles 1,300 and 1,800. Chinook salmon stocks within 
these geographic regions have been termed runs (McBride and Yarshall 1983) 
and defined as the lower, middle, and upper Yukon runs, respectively. 

This report builds upon the catch, escapement, and age composition database 
compiled by Buklis and Wilcock ( in  prep. ) for  the 1985 return of salmon to 
the Yukon River. The objective i s  t o  apportion the 1985 Yukon River chinook 
salmon commercial and subsistence harvest to  run of origin. Procedures and 
analyses used to apportion individual f isheries  are i l lustrated in Figure 3. 
Commercial catches from Districts 1 ,  2, and 3 were allocated t o  run of origin 
by analysis of scale patterns of age 1.4 and 1.3 fish1, and catch and escape- 
ment age composition data. Estimates of the contribution by run in commercial 
catches were applied to subsistence catches from these d i s t r i c t s .  Commercial 
and subsistence catches from Districts 5 and 6 ,  and the Yukon Territory were 
allocated based on geography. Pooled commercial and subsistence catches from 
District  4 were allocated based on geography, scale pattern analysis of age 
1.4 and 1.3 f i sh ,  and catch and escapement age composition data. 

METHODS 

Aae Com~osi t i  on 

Scale samples provided age information for  fish in the catch and escapement. 
Samples were collected on the l e f t  side of the f ish approximately two rows 
above the la teral  l ine and on the diagonal row downward from the posterior 
insertion of the dorsal fin (Clutter and Whitesel 1956). Scales were mounted 
on gummed cards and impressions made in cellulose acetate. 

European formula: the f i r s t  numeral refers t o  the number of freshwater 
annuli present on scales of the fish and represents the number of years 
of freshwater residence minus one (freshwater residence prior to scale 
formation). The second number refers to the marine age of the fish.  
Total age i s  the arithmetic sum of these two numbers plus one. 
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Figure 3. Schematic representation of analyses used to allocate Yukon River chinook 
salmon harvest by age class and run of origin, 1985. 



Catch : 

Scales were col lectedl from the commercial catches from Districts 1,  2 ,  3, 
and 6 ,  and Yukon Territory and an age composition was estimated for each 
fishery. Although subsistence catches in these d i s t r i c t s  were n o t  sampled, 
subsistence fishing occurred concurrently with commercial e f for t  and the age - 
composition for subsistence catches in each d i s t r i c t  were assumed t o  be simi- 
l a r  t o  the commercial catch. 

Samples were also collected from commercial and subsistence catches in Dis- 
t r i c t s  4 and 5. For each of these d i s t r i c t s ,  pooled age compositions were 
estimated for  the combined commercial and subsistence catches from both fish- 
wheels and gi l l  nets. 

Escapement: 

Scale samples were collected during peak spawner die-off from the major spawn- 
ing t r ibutar ies  (as determined by aerial surveys). Virtually a1 1 samples were 
collected from carcasses. The age composition of lower, middle, and upper 
Yukon areas was estimated by weighting the age composition calculated for the 
individual spawning t r ibutar ies  in each area by the escapement t o  each tribu- 
tary as indexed by aerial surveys. 

Catch Apportionment 

Linear discriminant function analysis (Fisher 1936) of scale pattern data and 
observed differences in age composition between escapements were used t o  allo- 
cate 1985 Yukon River chinook salmon catches t o  run of origin. 

Scale Pattern Analysis: 

Escapement samples and Yukon Territory commercial catch samples provided 
scales of known origin that were used to build l inear discriminant functions 
( L D F ) .  Commercial catch and t e s t  fishing2 samples provided scales of mixed 
stock composition which were classified using the discriminant functions to 
estimate proportions of lower, middle, and upper Yukon ages 1 .4  and 1.3 fish 
in the District  1 ,  2 ,  3, and 4 catches. Subsistence catch samples were included 
in mixed stock composition samples for  District  4. 

Sampling of Alaskan f isheries  was conducted by A1 aska Department of Fish 
and Game s t a f f ,  Division of Commercial Fisheries. Sampling of Canadian 
fisheries was conducted by Canadian Department of Fisheries and Oceans 
s t a f f .  

2 ADF&G conducts t e s t  fishing projects in Yukon River Districts 1 and 4 to  
index the timing and magnitude of salmon migrating along the Yukon River. 
Test fishing i s  conducted concurrently with the commercial fishery and 
samples collected from these projects represent fish of mixed stock compo- 
s i  tion. 



Model Construction. Measurements of scale features were made.as described by 
McBri de and Marshal 1 ( 1  983). Scale images were projected a t  1 OOX magnif i cati  on 
using equipment similar t o  that  described by Ryan and Christie (1976) and mea- 
surements were made and recorded by a microcomputer-controlled digit izing 
system. Measurements were taken along an axis approximately perpendicular 
to  the scuptured f ie ld and the distance between each circulus in each of three 
scale growth zones (Figure 4 )  was recorded. The three zones were: (1)  scale 
focus to  the outside edge of the freshwater annulus ( f i r s t  freshwater annular 
zone), ( 2 )  outside edge of the freshwater annulus to  the l a s t  circulus of 
freshwater growth (freshwater plus growth zone), and (3)  the l a s t  circul us of 
the freshwater plus growth zone to the outer edge of the f i r s t  ocean annulus 
( f i r s t  marine annular zone). In addition, the total  width of successive 
scale pattern zones was also measured for: (1 ) the l a s t  circulus of the 
f i r s t  ocean annulus to the l a s t  circulus of the second ocean annulus (ages 
1.4 and 1.3) ,  and ( 2 )  the 1 a s t  ci rcul us of the second ocean annulus to the 
l a s t  circulus of the third ocean annulus (age 1.4 only). Seventy-nine scale 
characters (Appendix Tab1 e 1 ) were cal cul ated from the basi c incremental di s- 
tances and circul i  counts. 

Scale samples (standards) representing the three Yukon chinook salmon runs 
were constructed for the 1.4 and 1.3 age classes. Because of 1 imi ted sample 
sizes,  a1 1 avai 1 able age 1.4 and 1.3 samples representi ng the 1 ower Yukon (the 
Andreafsky and Anvi k Rivers) and age 1.3 scales representing the middle Yukon 
(the Chena and Salcha Rivers) were used. Age 1.4 scales representing the 
middle Yukon run were selected in proportion to their  abundance as indicated 
by aerial surveys. 

Scales representing the upper Yukon run included a1 1 available Yukon Territory 
commercial catch samples. These samples were considered to be the most rep- 
resentative composite available for  upper Yukon escapements. Because of small 
sample sizes for  the age 1.3 age class,  a l l  samples from individual escapements 
were i ncl uded. 

Classification. Linear discriminant functions ( L D F )  were calculated for each 
age class. Selection of scale characters for each analysis was by a forward 
stepping procedure using partial F s t a t i s t i c s  as the c r i t e r i a  for entryldele- 
tion of variables (Enslein e t  a l .  1977). A nearly unbiased estimate of classi-  
f ication accuracy for each LDF was determined using a leaving-one-out procedure 
(Lachenbruch 1967). 

Contribution rates for  ages 1.4 and 1.3 f i sh  in the District  1 and 2 catches 
were estimated for each fishing period during the chinook salmon season and a 
pooled sample fo r  the chum salmon season1. A total  season contribution rate 

Most of the chinook salmon harvested in these two d i s t r i c t s  are taken by a 
directed fishery that  commences in early June when mostly g i l l  nets of 203 
to 229 mm (8  to  9 inch) stretched mesh are operated. This June fishery i s  
commonly referred t o  as the "early" or "chinook" season. During this fishery, 
there are no g i l lne t  mesh size restrictions and most fishermen operate large 
mesh nets for chinook salmon. However, some nets of 140 t o  152 mm (5-1/2 - 
6 inch) stretched mesh are also operated. The remaining harvest i s  taken 
incidentally to the chum (0.  keta)  and coho (0. kisutch)  salmon fishery. 
This fishery, in which g i l l  nets of u p  to  152 mm (6 inch) stretched mesh are 
allowed, commences in la te  June or early July. 



ZONE 3 

,ZONE 2 

ZONE 1 

Figure 4 .  Age 1 . 4  chinook salmon s c a l e  showing zones measured f o r  
l i n e a r  discriminant a n a l y s i s .  
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for the District  3 catch was estimated from a sample collected during the 
second fishing period. Contribution rates for the combined commercial and 
subsistence harvests in District  4 were estimated from samples collected from 
both fisheries (including both gil  lnet  and fishwheel gear types) during most 
of the season. Point estimates were adjusted for  misclassification errors 
using the procedure of Cook and Lord (1978). The variance and 90% confidence 
intervals for these estimates were computed u s i n  the procedures of Pel la and 
Robertson ( 1  979). 

A catch sample was reclassified with a model representing only two runs i f  the 
final proportional estimate was less than or equal t o  zero for any run. A 
two-way model was constructed using only standards from the two runs with posi- 
t ive classification estimates. Data were resubmitted to  the variable selection 
routines and a new subset of variables was chosen for inclusion in the two-way 
model. 

Results of the age-specific scale pattern analysis were sumned t o  estimate 
total contribution by run of origin for  age 1.4 and 1.3 chinook salmon from 
the District  1 ,  2 ,  and 3 commercial and District  4 combined comnercial and 
subsistence catches. For each d i s t r i c t ,  the variance t v )  around Ni ~t ( the 
catch of age class i and run J during period t )  was computed for each period 
t as follows: 

where: 

P i s  the proportion of age class i; S i s  the proportion of run J of age class 
i harvested during period t ;  and the variance, v CSi j t l  i s  as derived by Pel la 
and Robertson ( 1 9 7 9 ) .  Variance around the d i s t r i c t  catch of ages 1.4 and 1.3 
by r u n , N ~ ,  was computed by summing variances across age classes and periods: 

where: 



T i s  the to ta l  number of f ishing periods sampled in each d i s t r i c t  and nt i s  the 
sample s i z e  fo r  the estimate of age composition in period t. Variance around 
the estimate of to ta l  harvest of ages 1.4 and 1.3 f i s h  by r u n  from Dis t r i c t s  1 ,  
2 ,  3, and 4 estimated from scale  pattern analysis was calculated as the sum of 
the seasonal variances f o r  combined ages across a l l  d i s t r i c t s .  Total harvest 
estimates and associated variances by country of origin were calculated by 
assuming the sum of the lower and middTe Yukon to  be equal t o  the Alaskan con- 
t r ibut ion and the upper Yukon equal t o  the Canadian contribution. Variance 
around the estimate of Ajas kan contribution,  N i  c L+M) t, was computed by summing 
variances across runs: 

S i ~ t  = estimated proportion of lower Yukon run present for 
age i at period t 

S i ~ t  = estimated proportion of middle Yukon run present for 
age i at period t 

Di f fe ren t i  a1 Age Composition Analysis: 

Allocation of the remaining age classes in  the Dis t r i c t  1 ,  2 ,  and 3 commercial 
catches and D i s t r i c t  4 combined commercial and subsistence catches were based 
on differences in escapement age composition in each of the three runs. Escape- 
ment age composition data were d i r ec t l y  compared by computing ra t ios  fo r  each 
run whereby the proportion in the escapement of the age c lass  in question was 
divided by the proportion in the escapement of an age c lass  of known catch 
composition estimated by scale pattern analysis (e i the r  age 1.4 or 1 . 3 ) :  

Eel = Proportion of fish of age class 1 in run c 
escapement samples where i is an age class of 
unknown run composition in the catch 

ECd = Proportion of fish of age class a In run c where a 
is an age class of known run composition in the 
catch (either age 1.4 or 1.3) 



Because t he  r e l a t i v e  c o n t r i b u t i o n  of age 1.2 f i s h  decreased i n  escapement 
samples moving p rog ress i ve l y  up r i ve r ,  t h i s  age c l ass  was compared t o  age 1.3 
f i s h .  A l l  o t h e r  age c lasses (2.3, 1.5, 2.4, and 2.5) were compared t o  age 
1.4 f i s h  s i nce  t he  r e l a t i v e  c o n t r i b u t i o n s  of each of these age classes increased 
i n  escapement samples moving p rog ress i ve l y  u p r i v e r .  These r a t i o s  o f  p ropo r t i ona l  
abundance were then m u l t i p l i e d  by t h e  a l l o c a t e d  ca tch  o f  e i t h e r  age 1.3 o r  1 .4  
f i s h .  These computations were summed over a l l  runs  t o  ca1 c u l a t e  age-spec i f ic  
c o n t r i b u t i o n  ra tes .  M u l t i p l i c a t i o n  by t o t a l  catch by age c l ass  y i e l d s  age- 
s p e c i f i c  r u n  c o n t r i b u t i o n  est imates: 

Ni = Total catch of age group i 

Nca = Catch of age group a (where a is either age 
1.4 or 1.3) in run c 

Fci = Proportion of fish of run c in Ni 

Fci = R r i * N r m  (where J is run number: either 1, 2 
3 or 3 for lower, middle or upper run) 

R J I ' N J ~  
3 = 1  

The total harveat of run c for age group i is then: 

Catch A1 l o c a t i o n  by F ishery:  

Estimates o f  r u n  composit ion from sca le  p a t t e r n  ana lys is  and d i f f e r e n t i a l  age 
composit ion ana l ys i s  of D i s t r i c t  1  , 2, and 3 commercial catches were used t o  
a1 l o c a t e  the  catches o f  subsistence f i s h e r i e s  i n  these d i s t r i c t s  (F igure  4 ) .  
D i s t r i c t  4  catches were d i v i d e d  i n t o  two components f o r  purposes o f  catch 
a l l o c a t i o n :  mainstem catches and Koyukuk R i ve r  subs is tence catches. Main- 
stem catches were a l l o c a t e d  t o  t h e  lower, middle,  o r  upper r u n  based on e s t i -  
mates o f  r u n  canpos i t ion  from sca le  p a t t e r n  ana lys is  and d i f f e r e n t i a l  age 
composi t i o n  ana l ys i s  of pooled samples from commercial and subs is tence g i l  l n e t  
and f ishwheel catches. Subsistence catches f r a n  t he  Koyukuk R i ve r  were taken 
p r i m a r i l y  i n  t he  upper p o r t i o n s  o f  t he  drainage beyond r i v e r  m i l e  700 and were 
assumed t o  more c l o s e l y  resemble f i s h  o f  midd le Yukon o r i g i n .  No at tempt  was 
made t o  appo r t i on  the  Koyukuk R i ve r  catches by age c lass .  

Catches i n  D i s t r i c t s  5, 6, and the  Yukon T e r r i t o r y  were a l l o c a t e d  t o  run  based 
on geography. The e n t i r e  D i s t r i c t  5 harves t  was a l l o c a t e d  t o  t he  upper Yukon 
run  as most o f  t h e  D i s t r i c t  5  catch occurred above the  confluence of t he  Tanana 
R iver  and t he re  a re  few documented spawning concentrat ions between the  Tanana 
R i ve r  conf luence and the  Yukon T e r r i t o r y  f i s h e r y  centered i n  Dawson. The e n t i r e  
D i s t r i c t  6 harves t  was a l l o c a t e d  t o  t he  midd le  Yukon run. 



RESULTS AND DISCUSSION 

Age Composi t i  on 

Trends in age composition for the lower, middle, and upper Yukon River escap-e- 
ments (Table 1 ) were consistent with previous results (McBride and Marshal 1 
1983, Wilcock and McBride 1983, Wilcock 1984, Wilcock 1985). The proportion 
of older f ish increased in spawning populations moving progressively upriver. 
Age 1.4 f ish increased in relat ive abundance from the lower, and middle, to 
the upper Yukon (40.8%, and 61.7%, t o  69.6%, respectively). Conversely, the 
proporti on of younger f ish (ages 1 . 2  and 1.3 combined) decl i ned in escapements 
moving upriver (56.1% lower, 31.7% middle, and 12.7% upper r iver) .  The pro- 
portion of age 1.3 f ish present was generally low fo r  a l l  escapements. Nearly 
a1 1 2-freshwater age f ish were found in the upper Yukon escapement (combined 
ages 2.3, 2.4, and 2.5 total  of 7.8%). 

Catch Apportionment 

Scale Pattern Analysis: 

Scale characters derived from measurements of the in i t i a l  portion of the f i r s t  
marine annular zone and the in i t i a l  portion of the f i r s t  freshwater annular 
zone were generally the most powerful in distinguishing the three runs (Appen- 
dix Table 2 ) .  Secondarily selected variables were generally derived from the 
zone of freshwater plus growth or from the freshwater growth zone as a whole. 
This contrasts with previous analyses in which greatest discriminatory power 
was generally observed for variables from the zone of freshwater plus growth. 
The number of circul i and the width of the f i r s t  freshwater and f i r s t  marine 
annular zones generally decreased from the lower to upper Yukon runs (Appendix 
Table 3) .  Conversely, number of c ircul i  and width of the freshwater plus 
growth zone generally increased from the lower t o  upper runs. 

Mean classification accuracies of the three-way models for age 1.4 and 1.3 
fish (Tables 2 and 3 )  were identical (71 . I % ) .  Lower Yukon f ish had the high- 
e s t  classification accuracies in both models (77.1% and 82.8%, respectively). 
Mi scl assi f i  cati on rates between middle and upper Yukon f ish were the highest 
(range of 20.5% to 26.1%). 

Contribution rates for the three runs were variable (Tables 4 and 5 ) .  Con- 
trary t o  results from previous studies, in which ei ther  middle or upper or 
middle and lower Yukon fish predominated age 1.4 catches, 1 ower and upper 
Yukon f ish generally predominated both age 1.4 and 1.3 catches throughout 1985. 
Differences over time by run were evident for age 1.4 and 1.3 f ish from the 
lower and upper Yukon (Figures 5 and 6 ) .  The contribution of lower Yukon 
fish generally increased from the f i r s t  chinook season period t o  the pooled 
chum season periods in both Districts 1 and 2, while point estimates for  upper 
Yukon f ish tended to  decline. Middle Yukon contributions by fishing period 
were variable (range of 0% to 58.6%), and did not exhibit clear trends through 
time, although a general peak occurred for bo th  age classes during the second 
period in both Districts 1 and 2. 



T a b l e  1. Age c o m p o s i t i o n  summary of  Yukon R i v e r  c h i n o o k  s a l m o n  e s c a p e m e n t s ,  1 9 8 5 .  

Brood Year a n d  Age G r o u p  
Aerial  1 9  8 1  1 9  80 1 9 7 9  1 9 7 8  1 9 7 7  
S u r v e y  Sample  ---- ----------- ----------- ----------- ---- 

L o c a t i o n  E s t i m a t e  S i z e  1 . 2  1 . 3  2.2 1 . 4  2 .3  1.5 2.4 2 . 5  ........................................................................................ 
Lower 

Andr e a f  SKY 3 , 8 6 5  4 4 5 l  39.6 12.8 0.0 43.6 0  .O 4.0 0  .O 0  .O 
Anv i k  1 , 0 5 1  3 3 2  30 .3  39 .4  0 .0  30 .3  0.0 0  .O 0  .O 0  .O ........................................................................................ 

T o t a l  4 , 9 1 6  47 8  37.6 18 .5  0.0 40.8 0  .O 3 .1  0  .O 0  .O 

M i  d d l  e 
1 

---1 

Ch e n a  2 , 5 5 3  5 1  3  1 2 . 1  21.1 0.6 59.2 0  .O 7  .O 0  .O 0  .O 
w S a1 c h a  2 , 0 3 5  5 1  1 1 2 . 3  17.6 0 .0  64.8 0  .O 5 . 1  0 .2  0  . O  
I ........................................................................................ 

T o t a l  4 , 5 8 8  1 , 0 2 4  1 2 . 2  1 9 . 5  0 . 3  61.7 0.0 6 .2  0  .1 0 . O  
---------------------.------------------------------------------------------------------- 

Upper  
B i q  S a l m o n  8 0 1  1 7  9  1.1 1 4 . 5  0.0 6 3 . 1  0.6 14 .5  5.6 0.6 
~ i i t l e  Sa lmon  893  7  4  0.0 1 2 . 2  0.0 76.9 1 . 4  5.4 4 .1  0  .O 
N i s u t l i n  6 1 5 .  77  0  .O 5 . 2  0.0 80 .5  1 . 3  5 . 2  6 . 5  1 . 3  
T a t c h u n  190: 1 2  0.0 , 25.0 0.0 58 .4  0  .O 8 .3  8.3 0  .O 
Mai ns t em Yukon - 22  0  .O 9 . 1  0.0 54 .5  0.0 36.4 0  .O 0  .O ........................................................................................ 

~ o t a l  1 , 6 9 5  3 6 4  0 .5  1 2 . 2  0.0 69.6 0.8 1 0 . 0  6 .2  0 .8  ........................................................................................ 

I I n c l u d e s  2 1  E a s t  F o r k  b e a c h  s a m p l e s ,  1 1 5  East F o r k  c a r c a s s  s a m p l e s ,  a n d  309 West 
F o r k  c a r c a s s  s a m p l e s .  
I n c l u d e s  2 1  c a r c a s s  s a m p l e s ,  4  b e a c h  s e i n e  s a m p l e s ,  4  hook a n d  l i n e  s a m p l e s ,  a n d  
4  g i l l n e t  s a m p l e s .  
I n c o m p l e t e  o r  p a o r  s u r v e y  c o n d i t i o n s  r e s u l t i n g  i n  a v e r y  m i n i m a l  c o u n t .  
F o o t  s u r v e y ,  D e p a r t m e n t  o f  F i s h e r i e s  a n d  O c e a n s ,  Canada.  
Water t u r b i d i t y  p r e c l u d e s  s u r v e y s  i n  t h i s  area. 
Does  n o t  i n c l u d e  Mainstem Yukon. 



T a b l e  2 .  C l a s s i f i c a t i o n  a c c u r a c i e s  o f  l i n e a r  d i s c r i m i n a n t  
m o d e l s  f o r  a g e  1 . 4  Yukon R ive r  ch inook  sa lmon,  1985.  

................................................................. 
C l a s s i f i e d  

A c t  ual Region  of O r i g i n  
Reg ion  of Sam p l  e .............................. 
O r i g i n  S i z  e Lower M i  d d l  e  Upper 

Lower 

Middle  

Upper 

- - - - - - - 

Mean C l a s s i f i c a t i o n  Accuracy  = 

V a r i a b l e s  i n  t h e  a n a l y s i s :  1 0 6 ,  67 ,  2 9 ,  6 1 ,  70 ,  1 0 0 ,  1 4 ,  1, 8 8 .  

- - 

C l a s s i f i e d  
A c t u a l  Region of O r i g i n  
Reg ion  o t  Sam p l  e .................... 
O r i g i n  S i z e  Lower Upper ....................................................... 
Lower 1 7  9  0.899 0  . l o 1  ----- 
Upper 299 0.110 0.890 ----- 

Mean C l a s s i f i c a t i o n  Accuracy = 0 .895  

V a r i a b l e s  i n  the a n a l y s i s :  1 0 6 ,  2 ,  6 5 ,  70 ,  29 ,  1 4 .  



T a b l e  3 .  C l a s s i f i c a t i o n  a c c u r a c i e s  of  l i n e a r  d i s c r i m i n a n t  
m o d e l s  f o r  a g e  1 . 3  Yukon R i v e r  c h i n o o k  sa lmon ,  1985.  

.............................................................. 
C l a s s i f i e d  

A c t u a l  Reg ion  of O r i g i n  
R e g i o n  of  Sample  .............................. 
O r i g i n  S i z  e Lower M i  d d l  e Upper  .............................................................. 
Lower 5 8  0.828 0.052 0.121 ----- 
M i  ddl e 1 5 7  0.070 0  - 6 6 9  0 .261 ----- 
Upper  5 8  0 - 1 2 1  0 .241  0 .638 

.............................................................. 
Mean C l a s s i f i c a t i o n  Accuracy  = 0 . 7 1 1  

V a r i a b l e s  i n  t h e  a n a l y s i s :  2 ,  9 4 ,  2 5 ,  7 0 ,  62, 6 7 ,  61 .  

.................................................... 
C l a s s i f i e d  

A c t  u a l  Reg ion  of O r i g i n  
R e g i o n  of Sam p l  e .................... 
O r i g i n  S i z e  Lower u p p e r  .................................................... 
Lower 5 8  0 .845 0 .155 ----- 
Upper 5 5  0  . I 2 7  0 .873 ----- 

Mean C l a s s i f i c a t i o n  Accuracy  = 0.859 

V a r i a b l e s  i n  t h e  a n a l y s i s :  6 7 ,  9 ,  1 0 0 ,  1 0 9 .  



B b l e  4. R m  m p s i t i o n  estimates for  age 1.4 chinook salmon f ran 
carmerclal catches i n  Yukon River Districts 1, 2, 3, and 4, 
1985 . 

--. - 
Fishing ~ a o p l e  d d  a€ Lcwer 

District Period mtes Size Origin Catch Bound 
UFPr 
Bound 

Lower 
Middle 
UFWr 

Laver 
Middle 
Upper 

ihxer 
f iddle 
UFFer 

Lcw er  
Middle 
Upper 

Lower 
Upper 

Lower 
Middle 
UFWr 

Laver 
Middle 
Upper 

Uier 
Middle 
UFWr 

Laver 
fi ddl e 
UpFer 

Lav er  
Middle 
upper 

Based on Chi-quire (2 d. f., a=O .1) of 4.605 for 3 groups, and 
Chi-square (P d. f., a 4  -1) of 2.716 f o r  2 groups. 
Prior t o  axrmerdal season. A l l  samples obtained £ran tes t  f i*  
catches. 
Chun salmon season, 6 in (15.2 can) r w d m u n  mesh size. 
-led ccaronercial and subsistence. 
Incluiks 18 Galena amnercial and subsistence fishwheel m p l e s ,  
111 Galena ccn?nercial and subsitence gi l lnet  sanples, 1 2  Sbnk Creek 
( K a l  tag) testf  ish f ishwheel samples, and U Ruky testf  ish £ ishwheel 
m p l e s .  

-1 6- 



m b l e  5. RLPl a n n p s i t i o n  est imates f o r  age 1.3 chinook salmon f ran 
ccrnmerclal catches i n  Yukon River Districts 1, 2, 3, and 4, 
1985 . 

90 P e r ~ n t  
Confidence Interval1 

Calm-lercial Region Prop. 
Sanple af a£ Laver R*in8 mtes Size Origin ~ t c h  District Perio Bound 

Upper 
Bound 

1 1 6/24-6/25 20 L w e r  0.611 
Middle 0.058 
Upper 0.331 

2 6/274/28 1 5  Lmer 0.424 
Middle 0.403 
Umr 0 -17 3 

3 7/01-7/02 19 L w e r  0.800 
Middle 0.036 
Upper 0.16 4 

4-82 7/04-7/19 90 Lcwer 0.829 
Upper 0.171 

2 1 6/26-6/27 19 Lmer 
Middle 
UpFer 

2 6/30-7/01 23 Lwer  
Middle 
Upper 

4 7/03-7/04 26 Lmer 
Middle 
U F p e r  

3 ,  5+j2 7/02-7/11 54 Lcwer 
Middle 
Umr 

3 2 7/04-7/05 26 Lwer  0.060 
Middle 0.182 
Upper 0.758 

43 7/06-8/22 524 Lmer 0.41 2 
Upper 0 -588 

Based on m i - q u a r e  (2  d. f., a4.1) of 4.605 for 3 groups, and 
Chi-quare (1 d. f., a=0 .l) of 2.716 f o r  2 groups. 
Chun salmon season, 6 i n  (15.2 an) mximun mesh size. 
Pooled commer ci a1 and subsistence . 
Inclucks 19 Gal- m e r c i a l  and suts is tence  fishwheel sm es, I? 22 G d e ~  ccmnercial and subsitence g i l l m t  sanples, 9 S t i n  Creek 
(Kaltag) t e s t f i *  f idwheel  samples, and 2 Ruby t e s t f i s h  f ishwheel 
sanples. 



DISTRICT 1 DISTRICT 2 

0 
O -a I a a ch- 80- 1 a s Q r n r b  

PERIOD PERIOD 

Figure  5.  Run composi t ion e s t i m a t e s  and 9 0 %  conf idence  i n t e r v a l s  
from s c a l e  p a t t e r n  a n a l y s i s  of a g e  1 . 4  chinook salmon, 
Yukon River D i s t r i c t s  1 and 2 ,  1985. 
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The age 1.4 catch i n  D i s t r i c t  1 (Table 6 )  was comprised of nearly equal num- 
bers of f i s h  of lower and upper Yukon o r ig in  (28,129 f i s h  o r  41.1%, and 26,747 
f i s h  o r  39.1%, r e spec t ive ly ) .  Catches of middle Yukon f i s h  were smaller 
(13,609 f i s h  o r  19.9%). The age 1.4 catch in  D i s t r i c t  2 was predominated 
by f i s h  of upper Yukon or ig in  (15,255 f i s h  o r  45.4%). 

Age 1 .3  catches were comprised primari ly of lower Yukon f i s h .  The D i s t r i c t  
1 harvest of age 1.3 f i s h  was comprised of 67.2% (5,295 f i s h )  lower Yukon, 
12.2% (960 f i s h )  middle Yukon, and 20.6% (1,622 f i s h )  upper Yukon f i s h .  Lower 
Yukon f i s h  a l s o  dominated the  catch of age 1.3 f i s h  in D i s t r i c t  2 (3,574 f i s h  
o r  61.5%). Middle Yukon f i s h  comprised 26.2% (1,524 f i s h )  of the  catch while 
12.3% (714 f i s h )  were a l loca ted  t o  the  upper Yukon r u n .  Age 1.3 chinook s a l -  
mon were i n  low abundance i n  commercial catches throughout 1985, presumably 
due t o  a weak re turn  f o r  t h i s  age group. As a r e s u l t ,  sample s i z e s  were small 
f o r  most periods sampled and precision f o r  run composition est imates was gen- 
e r a l l y  low. 

Scale pa t te rn  analys is  was applied t o  t h e  age 1.4 and 1.3 commercial catches 
from D i s t r i c t s  1 ,  2, and 3, and commercial and subsistence catches from Dis- 
t r i c t  4 t o  a1 located 60.2% (123,287 f i s h )  of the  t o t a l  drainage harvest  t o  run 
of or ig in .  Of these f i s h ,  a t o t a l  of 74,520 (60.4%) were estimated t o  be of 
Alaskan o r ig in  (Table 7 ) .  Precision of t h i s  est imate was high ( c o e f f i c i e n t  
of va r i a t ion  4.5%). Harvest of f i s h  of Canadian o r ig in  was estimated a t  48,767 
f i s h  (39.6%). 

An addit ional  8,421 f i s h  (4.1% of t o t a l  harvest)  from estimated age 1 .4  and 
1.3 subsistence catches in  D i s t r i c t s  1 ,  2, and 3 were a l loca ted  t o  run of 
o r ig in  by applying proportions estimated from s c a l e  pa t te rn  analys is  of com- 
mercial catches i n  these same d i s t r i c t s .  

Different i  a1 Age Composition Analysis: 

Large va r i a t ions  were observed i n  the contr ibut ion r a t e s  of the  remaining age 
c lasses  (Table 8 )  al located t o  r u n  of or ig in  using d i f f e r e n t i a l  age analys is  
(26,022 f i s h  o r  12.7% of to t a l  harves t ) .  The rnajori t y  of the age 1.2 harvests 
in  D i s t r i c t s  1 and 2 were a1 located t o  t h e  lower Yukon r u n  (3,446 f i s h  o r  
94.2%, and 3,186 f i s h  or  88.1%, respect ive ly) .  Most age 1.5 f i s h  from D i s t r i c t  
1 and 2 catches were a l loca ted  t o  the  upper Yukon run (4,048 f i s h  or  52.3%, 
and 2,431 f i s h  o r  57.9%, respect ive ly) .  Upper Yukon f i s h  comprised v i r t u a l l y  
a l l  of the  age 2.3, 2.4, and 2.5 catches. 

Commercial catches were composed of s imi la r  numbers of lower and upper Yukon 
f i s h  in both D i s t r i c t  1 (39,121 f i s h  o r  43.5%, and 34,671 f i s h  o r  38.5%, res-  
pec t ive ly)  and D i s t r i c t  2 (17,903 f i s h  o r  37.0% and 19,496 f i s h  o r  40.3%, 
r e spec t ive ly ) .  Middle Yukon f i s h  were l e a s t  abundant in both D i s t r i c t s  1 and 
2 (16,218 f i s h  o r  18.0%, and 10,945 f i s h  o r  22.6%, respect ive ly) .  

Geographic Analysis: 

A t o t a l  of 47,231 f i s h  (23.0% of t o t a l  harvest)  were a l loca ted  t o  r u n  of o r i -  
gin based on geography. D i s t r i c t  5 a d  Yukon Ter r i to ry  commercial and subsis-  
tence catches (37,509 f i s h  o r  18.3% of t o t a l  harves t )  were assumed to  be of 



Ilable 6. Allocation of age 1.3 and 1.4 chinook salmon catches by r m  
and f i sh ing  period fo r  the carunercial f i  s h e q  i n  Yukon River 
Districts 1 and 2, 1985. 

D i s t r i c t  1 Di stri ct 2 

Region Carmercial Age Group Cmer cial Age Group 
of FS d i n g  Fishing ---- Total 
Origin Period Istes 1.3 1.4 Period b tes  1.3 1.4 Catch 

Lwer  1 6/24-6/25 1,067 6,878 1 6/26-6/27 169 1,123 
Middle 101 3,514 47 1,180 

Alaska 1,168 10,392 216 2,303 
Upper 578 8,199 175 3,342 

Total 1,746 18,591 391 5,645 

Lwer  2 6/276/28 857 9,469 2 6/30-7/01 519 2,108 
Middle 814 9,056 1,008 4,230 

Alaska 1,671 18,524 1,527 6,338 
Upper 350 9,001 193 7,715 

mtal 2 , o a  27,525 1,720 1 4 , o ~  

L w e r  3 7/01-7/02 979 7,114 4 7/03-7/04 766 4,152 
Middle 44 1,040 217 2,620 

Alaska 1,023 8,153 983 6,772 
Upper 201 6,698 89 3,305 

Total 1,224 14,851 1,072 10,U77 

Laver 4-12l 7/04-8/13 2,392 4,669 3,5-13 7/02-8/22 2,119 2,894 
Middle 0 0 252 46 

Alaska 2,392 4,669 2,371 2,940 
Upper 494 2,849 258 893 

Total 2,886 7,518 2,629 3,833 

Lower 6/24-8/13 5,295 28,129 6/26-8/22 3,574 10,277 47,275 
Middle 960 13,609 1,524 8,076 24,168 

Alaska 6,255 41 ,738 5,098 18,353 71,444 
UPFr 1,622 26,747 714 15,255 44,338 

Total 7,877 68,485 5,812 33,608 115,782 

Chm s a l m n  season, 6 i n  (15.2 an) maxirnun mesh size. 



Table 7 .  To ta l  commercial h a r v e s t  of age 1 .3  and 1 . 4  
chinook salmon by n a t i o n  of o r i g i n  e s t i m a t e d  from 
s c a l e  p a t t e r n  a n a l y s i s  f o r  Yukon River  D i s t r i c t s  
1, 2 ,  3 ,  and 4 ,  1985. 

90 Percen t  
Conf idence I n t e r v a l  

Region Number ------------------- C o e f f i c i e n t  
of of Lower UPPe r  of 
O r i g i n  Fi  sh Bound Bound V a r i a t i o n  1 ............................................................. 
Alaska 74,520 66,427 82,613 4.5% 

T o t a l  123,287 
-- 

I C o e f f i c i e n t  expressed  a s  a  p r c e n t a g e .  



Tab le  8. A l l o c a t i o n  by age c l a s s  and r e g i o n  o f  o r i g i n  o f  ch inook  salmon f rom 
Yukon R i v e r  D i s t r i c t s  1, 2,  3, 4, 5 ,  6, and Yukon T e r r i t o r y  commer- 
c i a l  and subs i s tence  ca tches,  1985. 

Brood Yea and Age Group 

?EEzd w o n  
1982 198l - - 1980 1979 1978 1977 - 

Cristria Pishew Qtes d Orisin 1 . 1  1 . 2  0 . 4  1.3 2 .2  1 . 4  2.3 1 . 5  2 . 4  2.5 Tot& 
- - - - 

Lcuer 
Wddle 
Alaska Total 

Lafer 
Eticklle 
Alaska Total 

~ s r  
Total 

Irrer  
a d d l e  
Alaska mtal "EL 

Lcuer 
a d d l e  
Alaska Total 

U%:al 

Lor er 
a d d l e  
Alaska mtal 

Laf er 
Middle 
Alaska Total 

"a 
Irrer  
Lddle 
Alaska Total 

U%h 
UFper 

Middle 

Ficklle 

Yukcn C a r m e d a l  7/21-9/14 
Territccy Gillmt 

LaJer 
ftiddle 
Alaska Total 

12 Allocation baed  on se-n total Dia r ic t  1 m d a l  catch simples. 
Wocation based on season total IXs&rict 2 camerual catch ssnples. 
Allocation based on DistriU 3 a n m r q a l  catch smnples. 
Cmlaned ammerual and s ibsrsrence,  frstwheel and gillret. 
Includes Royulolk River -isten= cat& (1 ,205 fish) not apprt iored ty age class. 
m d a l  c a m  = 664. Sutsistenoe c a t d ~  = 7,425. 
bxrercial cam = 3,418.  S u t s i s e n a e  mtch = 15,090. 
m h i m d  f i d h e e l  and g i l l r e  t 

:0 Age apr t io rment  based on District 6 arrmecdal catch smn es. 
ruonnent based on Yukon lkrritcry -rdal catcfsmnplea.  " U n i a  4 c a M r  a l l - t ed  t o  middle W n  r m  h ~ t  not a p p r t i o d  @y age class. 



upper Yukon origin. Commercial and subsistence catches in District  6 and sub- 
sistence catches from the upper Koyukuk River in District  4, allocated entirely 
to  the middle Yukon run, totaled 9 ,722 f ish or 4.7% of total  drainage harvest. 

Total Harvest: 

Based on the findings of the scale pattern analysis of age 1.4 and 1.3 f i sh ,  
the differential  age composi tion a1 location of the remaining age classes, and 
the assumptions concerning unsampled f isheries ,  the commercial and subsistence 
fishery catches of chinook salmon from the ent i re  Yukon River drainage were 
allocated to run of origin (Table 8 ) .  Upper Yukon River f ish comprised the 
largest single run component and contributed 101,542 fish or 49.5% of the total  
drainage harvest. Lower Yukon f ish were next in abundance a t  63,348 f ish 
(30.9%). The contribution of 40,028 fish from the middle Yukon run comprised 
only 19.5% of the total  harvest. 
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Appendix Tab le  1. S c a l e  v a r i a b l e s  sc reened  f o r  l i n e a r  d i s c r i m i n a n t  
f u n c t i o n  a n a l y s i s  of a g e s  1.3 and 1 . 4  Yukon River 
chinook salmon. 

V a r i a b l e  

V a r i a b l e  -------- 
6 1  
6 2 

V a r i a b l e  

1st Freshwater  Annular Zone ................................................ 
Number of c i r c u l i  (~51FW)l 
Width of zone ( S ~ F W )  
Dis tance ,  s c a l e  f o c u s  (CO) t o  c i r c u l u s  2 (C2) 
D i  s t a n c e ,  CO-C4 
Dis tance ,  CO-C6 
Dis tance ,  CO-C8 
D i  s t a n c e ,  C2-C4 
Dis tance .  C2-C6 
D i  s t a n c e ,  C2-C8 
Dis tance ,  C4-C6 
Dis tance ,  C4-C8 
Dis tance ,  C(NC1FW -4)  t o  end of zone 
Dis tance ,  C(NC1FW -2) t o  end of zone 
Dis tance ,  C2 t o  end of zone 
Dis tance ,  C4 t o  end of zone 
R e l a t i v e  wid ths ,  ( v a r i a b l e s  3-13) /SlFW . . 

Average i n t e r v a i  between c i r  c u l i ,  S~FW/NC~EW 
Number of c i r c u l i  i n  f i r s t  3 /4  of zone 
Maximum d i s t a n c e  between 2 consecu t ive  c i r c u l i  
R e l a t i v e  width ,  ( v a r i a b l e  29]/SlFW 

Freshwater  P l u s  Growth ................................................ 
Number of c i r c u l i  ( N E P G ) ~  
Width of zone (SPGZ) 

A l l  Freshwater  Zones 

T o t a l  number of f r e s h w a t e r  c i r c u l i  (NClFW+NCPG) 
To ta l  width of f r e s h w a t e r  zone (SlFW+SPGZ ) 
R e l a t i v e  width ,  SlFW/ (SlFW+SPGZ) ................................................ 

- (Continued) - 



Appendix T a b l e  1. S c a l e  v a r i a b l e s  s c r e e n e d  f o r  l i n e a r  d i s c r i m i n a n t  
f u n c t i o n  a n a l y s i s  of a g e s  1 .3  and  1 .4  Yukon River  
chinook salmon ( c o n t i n u e d ) .  

V a r i a b l e  -------- 
7 0 
7 1 
72  ( 9 0 )  
73  
7 4  ( 9 2 )  
7 5  
76 ( 9 4 )  
77 
7 8  ( 9 6 )  
7 9 
80 ( 9 8 )  

V a r i a b l e  -------- 
109 
110 
111 
112 
113 

1st Marine Annular  Zone ................................................ 
Number of c i r c u l i  ( N ~ ~ o z ) ~  
Wid.tn of zone  (SlOZ) 
Di s t ance ,  end  of f r e s h w a t e r  g rowth  (EFW) t o  C3 
D i  s t a n c e ,  EEW-C6 
D i s t a n c e ,  EFW-C9 
D i s t a n c e ,  EEW-C12 
D i s t a n c e ,  EFW-C15 
D i s t a n c e ,  C3-C6 
D i s t a n c e ,  C3-C9 
D i s t a n c e ,  C3-C12 
D i s t a n c e ,  C3-C15 
D i  s t a n c e ,  C6-C9 
D i s t a n c e ,  C6-C12 
D i s t a n c e ,  C6-C15 
Di s t ance ,  C9-C15 
D i s t a n c e ,  C ( N C 1 O Z  -6)  t o  end  of  zone 
D i s t a n c e ,  C ( N C 1 O Z  -3) t o  end  of  zone 
D i s t a n c e ,  C3 t o  e n d  of  zone 
D i s t a n c e ,  C9 t o  end  of  zone  
D i s t a n c e ,  C15 t o  end  of zone  
R e l a t i v e  w i d t h s ,  ( v a r i a b l e s  72-86)/S10Z - .  
Average i n t e r v a i  between c i r c u l i ,  SlOZ/NClOZ 
Number of c i r c u l i  i n  f i r s t  1/2 of  zone  
Maximum d i s t a n c e  between 2 c o n s e c u t i v e  c i  r c u l  i 
R e l a t i v e  w i d t h ,  ( v a r i a b l e  107)/SlOZ 

A l l  Marine Zones ................................................ 
Width of 2nd mar ine  zone,  (5202)  
Width o f  2nd m a r i n e  zone ,  (S30Z) 
T o t a l  w id th  of marine z o n e s  (SlOZ+S20Z+S30Z) 
R e l a t i v e  w i d t h ,  SlOZ/ (SlOZ+S20Z+S30Z) 
R e l a t i v e  w i d t h ,  S20Z/ (SlOZ+S20Z+S30Z) 

Number of c i r c u l i ,  1st f r e s h w a t e r  zone. 
S i z e  ( w i d t n )  1st f r e s h w a t e r  zone.  
Number of c i r c u l i ,  p l u s  growth zone.  
S i z e  ( w i d t n )  p l u s  growth zone. 
Number of c i r c u l i ,  1st ocean  zone.  
S i z e  ( w i d t h )  1st ocean  zone. 



Appendix  T a b l e  2 .  Group means ,  s t a n d a r d  e r r o r s ,  a n d  one-way a n a l y s i s  o f  v a r i a n c e  
F - t e s t  f o r  scale  v a r i a b l e s  s e l e c t e d  f o r  u s e  i n  l i n e a r  d i s c r i m i n a n t  
m o d e l s  o f  a g e  1 . 4  a n d  1 .3  Yukon River c h i n o o k  sa lmon ,  1 9 8 5 .  

Lower M i  d d l  e Upper -------------- -------------- -------------- 
Age Growth Zone V a r i a b l e  Mean S.E. Mean S. E. Mean S. E. F-Value ...................................................................................... 
1 . 4  1st EW A n n u l a r  1 10 .98  0.138 9.97 0.087 10 .75  0.109 23.463 

2 133 .62  1 .363  1 1 8 . 4 5  0.975 121.01 1 .095  42.595 
1 4  81.86 1 .272 67.27 0.839 71 .31  1 .004  29.000 
29 170 .45  0 .238 16.22 0.162 14 .52  0.156 50.536 

FW P l u s  Growth 6 1  3.58 0.096 4.98 0 , 0 5 8  5.16 0.109 73.002 

T o t a l  FW G r o w t h  6 5  14.56 0.134 14 .94  0.093 1 5 . 9 1  0 .125 34.339 
67 0.793 0.005 0 .695 0.003 0 ,703  0 ,006 99.268 

1st Ocean A n n u l a r  70 28.07 0.170 26.64 0.133 24.66 0.166 109.696 
88  368 .65  3 .358 334.44 2.552 287.30 3 , 1 6 2  137 .603  

1 0 0  0.205 0.002 0.228 0.002 0.264 0.003 166 .324  
1 0 6  1 4 . 6 1  0.100 13.57 0.079 12 .10  0.095 175 .191  

1 . 3  1st EW A n n u l a r  2 136.36 2.375 102.27 1 . 3 6 1  1 1 2 . 2 8  2.253 82 ,285  
9 57.02 0 .988 47.76 0.665 48.07 0.907 34.022 

1 4  86.21 2 ,320 55.31 1.237 63.16 1 . 9 4 4  80.560 
25 0.210 0.005 0.289 0 .004  0.240 0.006 72.529 

FW P l u s  G r o w t h  6 1  3.67 0 .221 5 .25  0.100 5 .71  0.210 34.443 
6 2  35.74 2.322 51.19 1 . 0 7 1  56.55 2.304 3 0 . 3 2 4  

T o t a l  FW G r o w t h  67 0.797 0 .011 0 .668 0.005 0.669 0 .011  68.538 

1st Ocean A n n u l a r  70  25.72 0.366 24.95 0.184 23.72 0.340 9 .739 
9 4  0.563 0.011 0.596 0.006 0 , 6 5 5  0.012 17.734 

1 0 0  0.240 0.006 0.259 0.003 0.292 0.006 19 .330  ...................................................................................... 



n d i x  T a b l e  3. Group means, s t a n d a r d  e r r o r s ,  and one-way a n a l y s i s  o f  v a r i a n c e  F - t e s t  
f o r  t h e  number of c i r c u l i  a n d  i n c r e m e n t a l  d i s t a n c e  of salmon s c a l e  
growth zone  measurements  from a g e  1 .4  and  1.3 Yukon R i v e r  ch inook  
salmon,  1985. 

......................................................................................... 
LOW er M i  d d l  e Upper -------------- -------------- -------------- 

Age Growth Zone V a r i a b l e  Mean S. E. Mean S. E. Mean S. E. F-Value 

1 .4  1st FW Annula r  No. Circ. 10.98 0.14 9.97 0.09 10 .75  0.11 23.463 
I n c r .  D i s t .  133 .62  1.36 118.45 0.98 121 .01  1 .10  42.595 

EW P l u s  Growth No. C i r c .  3.58 0.10 4.98 0.06 5.16 0.11 73.002 
I n c r .  D i s t .  34.90 0.96 52.14 0.67 52.13 1.17 82 -421  

1st Ocean Annu la r  No. C i r c .  28.07 0.17 26.64 0.13 24.66 0.17 109.696 
I n c r .  D i s t .  493.69 3.58 476.79 2.66 435.71 3.06 92.603 

I 2nd Ocean Annula r  I n c r .  D i s t .  336.57 4.67 345.47 3.87 347.82 4.05 3 .971 
L.J 
.--1 

I 3 r d  Ocean Annula r  I n c r .  D i s t .  412.86 4.24 389.08 2.89 378.68 3 .05 24.101 

1 .3  1st EW Annular  No. C i r c .  12.09 0.26 9.01 0.13 10 .24  0.23 67.518 
I n c r .  D i s t .  136.36 2.38 102.27 1.36 112.28 2.25 82.285 

FW P l u s  Growth No. Circ. 3.67 0.22 5.25 0.10 5 .71 0 .21  34.443 
I n c r .  D i s t .  35.74 2 .32 51.19 1.07 56.55 2.30 30.324 

1st Ocean ' ~ n n u l a r  No. Circ. 25.72 0.37 24.95 0.18 23.72 0.34 9.739 
I n c r .  D i s t .  452.48 6.46 426.05 3.95 416.57 6 .35 8 .725 

2nd Ocean Annular  I n c r .  D i s t .  452.64 7.68 405.43 5.88 398.91 9.23 11.367 ......................................................................................... 



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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